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A B S T R A C T
The effect of Povacoat on the solid state characteristics and polymorphic transformation
of γ-form of indomethacin (γ-IMC) after solvent co-evaporation via two drying methods was
investigated by thermoanalytical and FTIR spectroscopic studies.The types of solvents (water,
ethanol, and water:ethanol (1:9 ~ 2:8, v/v)), weight ratios of Povacoat:IMC (4:1 ~ 4:10, w/w),
and drying methods (air-drying and microwave-drying) were selected as variables in this
study.A physical mixture of Povacoat and γ-IMC was also carried out by neat grinding process.
The results indicate that there was no interaction between Povacoat and γ-IMC or no poly-
morphic change of γ-IMC after the neat co-grinding process. Since Povacoat was only soluble
in water or <30% ethanol aqueous solution but γ-IMC was only soluble in organic solvents,
different solvents and drying methods might significantly influence the solid-state char-
acteristics of IMC formed in the presence of Povacoat. It was found that the amorphous IMC
was formed in the Povacoat/IMC evaporates after dissolving both Povacoat and γ-IMC in
water:ethanol (mixed ratio=1:9 and 2:8, v/v) and co-evaporation via microwave-drying, whereas
the α-IMC was formed in the Povacoat/IMC evaporates via the air-drying method. In addi-
tion, the predominate α-IMC formation was only found in all the Povacoat/IMC evaporates
with different weight ratios prepared by previously dissolving in water:ethanol (1:9, v/v) and
co-evaporation via air-drying, but the amorphous IMC formation after co-evaporation via
microwave-drying was obtained except the 4:10 (w/w) weight ratio. The thermal effect of
microwave irradiation and the presence of Povacoat might be responsible for the amor-
phous IMC formation in the Povacoat/IMC evaporates.
© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of Shenyang Phar-
maceutical University. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
In recent years, over 40% of the currently marketed active phar-
maceutical ingredients (APIs) have been reported to have poor
water solubility problems, leading to a limited and variable
bioavailability of APIs [1,2]. In order to improve the solubility
and dissolution of these poorly water-soluble APIs, numer-
ous solubility improvement approaches have been developed
and commonly categorized into physical modifications, chemi-
cal modifications, and other techniques [3–5]. Solid dispersion
is one of the well-known physical modification approaches to
improve the dissolution rate and bioavailability of the poorly
water-soluble drugs [6–8], in which the drug’s particle size might
be markedly reduced,molecularly dispersed or completely dis-
solved within the high molecular weight water-soluble
polymers. Once the solid dispersion is exposed to aqueous
media, a supersaturated state may be achieved during disso-
lution.The high molecular weight water-soluble polymers not
only have an ability to prevent precipitation or crystalliza-
tion of the drug from the supersaturated state but also form
a drug-polymer composite or assembly to retard the nucle-
ation and crystal growth [9–11]. Therefore, the selection of the
appropriate high molecular weight water-soluble polymer plays
a more critical role in affecting the physical stability and
bioavailability of drugs embedded in the solid dispersion system
during in vitro and in vivo conditions [12–14].
Until now, several pharmaceutical polymers such
as polyethylene glycol (PEG), polyvinylpyrrolidone (PVP),
polyvinylpyrrolidone/vinyl acetate copolymer (PVP/VA),
hydroxypropylmethyl cellulose (HPMC), hydroxypropylmethyl
cellulose acetate/succinate (HPMCAS), hydroxypropyl cellu-
lose (HPC), Eudragits and Soluplus used for solid dispersions
have been reported [7,15–18]. Recently, a novel pharmaceuti-
cal polymer named as Povacoat, produced by co-polymerizing
acrylic acid (AA) and methyl methacrylate (MMA) copolymer
with polyvinyl alcohol (PVA), has been successfully devel-
oped as a capsule shell for filling the liquid formulations to
enhance the bioavailability of water-insoluble drugs [19–21].
The chemical structure of Povacoat is indicated in Fig. 1a [22].
In addition, Povacoat has also been reported to act as a binder
or film-coatingmaterial for pharmaceutical applications [23–25].
Particularly, the oxygen-blocking and light protective abilities
of Povacoat film have increased its application in the phar-
maceutical industry.
Povacoat belonging to a thermoplastic polymer has been
supplied as Type R with the molecular weight of 200,000 and
Type F with a molecular weight of 40,000.Type R has been used
as a hard capsule material, but Type F is being applied to act
as a binder for wet granulation or as a film coating polymer
[21–25]. In our previous study, Lin et al. had investigated the
thermal stability of Povacoat and found that Povacoat could
able to gradually form six-membered cyclic anhydrides
via intramolecular ester condensation after the heating tem-
perature >167 °C [26]. More recently, Povacoat had been reported
to not only prevent the aggregation of nanoparticles more ef-
fectively than the other polymers but also provide a rapid onset
of action and enhanced bioavailability of a nanocrystal for-
mulation of meloxicam after oral administration [27,28]. On the
other hand, Xu et al. had indicated that Povacoat was a valu-
able and promising excipient for the formulation of solid
dispersions prepared by hot-melt extrusion method to improve
the dissolution of a poorly water-soluble drug, bifendate [29].
Whether Povacoat could influence the solid state charac-
teristics of drugs in the pharmaceutical processing operations
is quite an interesting topic.
In the present study, indomethacin (IMC, Fig. 1b) belong-
ing to a typical BCS class II drug with poorly water-soluble
property has been chosen as a model drug, which had been
extensively examined in many polymorphic studies [30–33]. It
is well known that IMC exists in several polymorphic forms
and an amorphous form [34–37]. IMC can exist as the meta-
stable α form and thermodynamically favored γ form. The
polymorphic transformation of IMC is easily occurred after dif-
ferent processing [30,38–41]. The amorphous IMC is unstable
and may be converted to α and/or γ forms of IMC after aging
or various treatments [30,31,42,43]. This suggests that IMC is
highly sensitive to different pharmaceutical processing to cause
the polymorphic transformation.
Since Povacoat is only soluble in water but IMC is only
soluble in organic solvents, different types of solvents were se-
lected as a solvent in this study. The effect of Povacoat on the
solid-state characteristics and physical transformation of
IMC after solvent co-evaporation via two drying methods
was investigated by thermoanalytical and FTIR spectroscopic
studies.
Fig. 1 – Chemical structures of Povacoat (a) and indomethacin (b).
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2. Materials and methods
2.1. Materials
Indomethacin (IMC, γ-form) was purchased from Sigma-
Aldrich Chemical Co. (St. Louis, Missouri, USA), which was
confirmed by FTIRmicrospectroscopy and directly used without
further treatment. Povacoat (Type F, Mw = 40 000) was kindly
supplied by Daido Chemical Co. (Osaka, Japan). All organic sol-
vents used were reagent grade. Potassium bromide (KBr) crystals
were bought from Jasco Co. (Tokyo, Japan).
2.2. Preparation of different IMC polymorphs
The α-form of IMC (α-IMC) was prepared by dissolving rawma-
terial of γ-IMC in the heated absolute ethanol, followed by
precipitation after adding Milli-Q water (antisolvent) [33,44].
Amorphous IMC was prepared by melting the γ-IMC at 165 °C
under nitrogen atmosphere using differential scanning calo-
rimetry (DSC, Q 20,TA Instruments, Inc., New Castle, DE, USA)
and then rapidly quenching the molten sample in liquid ni-
trogen [31,33,44].All the samples were vacuum-dried and stored
in a desiccator filled with anhydrous calcium chloride.
2.3. Preparation of Povacoat/IMC ground mixture or
evaporates
A ground mixture of Povacoat and γ-IMC was prepared in a 4:1
(w/w) weight ratio by co-grinding both components in a mortar
with pestle for 10 min at room temperature. In addition, each
physical mixture of Povacoat and γ-IMC (weight ratio = 4:1, w/w)
was respectively prepared, and then completely dissolved or
dispersed in ethanol, water, or water:ethanol (1:9 ~ 2:8, v/v) by
ultrasonication for 3 minutes, and then co-evaporated under
a hood at ambient temperature (defined as air-drying) or mi-
crowave irradiation (defined asmicrowave-drying).The domestic
microwave oven (TMO-202,Tatung Co.,Taipei, ROC) used in this
study had full power of 800 W to heat the sample to approxi-
mately 78 °C in the 3 min course of irradiation [45]. After the
solvent had been completely evaporated, each Povacoat/IMC
evaporate was vacuum-dried for 24 h and stored at 25 °C.
Povacoat alone was also dissolved or dispersed in each above
solvent, and carried out by the same procedure. Further-
more, different physical mixtures of Povacoat and γ-IMC with
various weight ratios (4:1 ~ 4:10, w/w) were also prepared by
dissolving in the solvent of water:ethanol (1:9, v/v) by
ultrasonication for 3 minutes, and then co-evaporated via air-
drying or microwave-drying method. All the samples were
vacuum-dried for 24 h and stored at 25 °C for further exami-
nations. Fig. 2 shows the flow chart for preparing Povacoat/
IMC ground mixture or evaporates.
2.4. Identification and characterization of different
samples
Each sample was respectively analyzed by DSC (DSC, Q 20, TA
Instruments, Inc., New Castle, DE, USA) from 30 °C to 250 °C
at 3 °C/min with an open pan system in a stream of N2 gas.
The instrument was calibrated for temperature and heat flow
using indium as a standard.Moreover, a trace amount of sample
was sealed inside two KBr pellets (without any grinding process
with KBr powders) by direct compression with an IR spectro-
photometric hydraulic press (Riken Seiki Co., Tokyo, Japan) at
400 kg/cm2 for 15 s. The compressed KBr disc was examined
by transmission FTIR microspectroscopy (IRT-5000-16/FTIR-
6200, Jasco Co.,Tokyo, Japan) with a mercury-cadmium telluride
(MCT) detector. All FTIR spectra were generated by compiling
a series of 256 interferograms collected at 4 cm−1 resolution and
at 100 scans [26,33,45].All analyses were performed in triplicate.
Preparation of Povacoat/IMC ground mixture or evaporates
Povacoat + γ-IMC
(4:1, w/w)
Ground mixture
Povacoat + γ-IMC
(4:1, w/w)
Povacoat + γ-IMC
(4:1 ~ 4:10, w/w)
co-grinding 
10 min dissolving or 
dispersing
(1) water
(2) ethanol
(3) water:ethanol 
(1:9 or 2:8, v/v)
dissolving water:ethanol
(1:9, v/v)
ultrasonication
air-drying or
microwave-drying
Evaporates
ultrasonication
air-drying or
microwave-drying
Evaporates
solvent 
co-evaporation
solvent 
co-evaporation
Fig. 2 – Flow chart for preparing Povacoat/IMC ground mixture or evaporates.
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3. Results and discussion
3.1. Identification of different samples
Fig. 3 shows the DSC curves and FTIR spectra of γ-IMC (a), α-IMC
(b), amorphous IMC (c), and Povacoat (d).The DSC curve of γ-IMC
exhibited one endothermic peak at 161 °C, while the α-IMC pre-
pared showed one endothermic peak at 156 °C (Fig. 3A-a and
b). Both endothermic peaks at 161 and 156 °C corresponded to
the fusion of γ-IMC and α-IMC, respectively,which were in agree-
ment with previously reported values [30,33,44,45]. However,
the amorphous IMC showed a different DSC profile from that
of DSC curves of γ- and α-forms of IMC. Obviously, one exo-
thermic peak at 123 °C and three endothermic peaks at 44, 156
and 161 °C were observed in the DSC curve of the amor-
phous IMC (Fig. 3A-c). The exothermic peak at 123 °C was
attributed to the recrystallization of the amorphous IMC after
passing through the glass transition temperature at 44 °C [33,45]
and another two endothermic peaks at 156 °C and 161 °C were
respectively corresponded to the fusion of α-IMC and γ-IMC.
This indicates that the amorphous IMC first exhibited an en-
dothermic relaxation peak near at 44 °C, and then accompanied
by exothermic recrystallization, and followed by transforma-
tion into α-IMC and less often into γ-IMC. While Povacoat
exhibited two small broad endothermic peaks nearly at 82 and
197 °C (Fig. 3A-d), the former was due to the glass transition
temperature of Povacoat [21] and the latter might be attrib-
uted to the cyclic anhydride formation via intramolecular ester
condensation in the Povacoat structure by DSC heating process
[26].
The FTIR spectra of γ-IMC (a), α-IMC (b), amorphous IMC (c),
and Povacoat (d) are also displayed in Fig. 3B. Several unique
IR absorption bands and their assignments of γ-IMC and α-IMC
are listed as follows (Fig. 3B-a and b): 1717 cm−1 [ν(C—O) of car-
boxylic acid dimer], 1691 cm−1 [benzoyl ν(C—O)], 1625–1570 and
1480 cm−1 (C—C of aromatic rings), 1307 cm−1 (C—O of acidic
group), 1270–1200 cm−1 (—C—O stretching, ether group),
1067 cm−1 (C—Cl) for γ-IMC [33,44–47]; 1734 cm−1 [non-hydrogen
bonded acid ν(C—O)], 1692 cm−1 [benzoyl v(C—O)], 1688 and
1649 cm−1 [hydrogen bonded acid v(C—O)], 1478 cm−1 (C—C of
aromatic rings), 1320 cm−1 (C—O of acidic group), 1224 cm−1
(—C—O stretching, ether group), and 1074 cm−1 (C—Cl) for α-IMC,
respectively [33,44–47]. On the other hand, the amorphous IMC
exhibits a unique FTIR spectrum, including a shoulder at
1735 cm−1 [non-hydrogen bonded acid ν(C—O)], 1710 cm−1 [asym-
metric acid ν(C—O) of a cyclic dimer], 1683 cm−1 [benzoyl
v(C—O)], 1591 cm−1 [ring vibration of indole] (Fig. 3B-c), which
was in agreement with the reported IR spectrum of amor-
phous IMC [33,44–47]. It is also found that the band at 1717 cm−1
due to asymmetric acid ν(C—O) of a cyclic dimer for crystal-
line γ-IMC was shifted to a lower frequency of about 1710 cm−1,
implying that the dimers formation was also presented in the
amorphous state of IMC [44,47]. On the other hand, the FTIR
spectrum (Fig. 3B-d) of Povacoat indicated the peaks at 1729 cm−1
(C—O stretching), 1436 cm−1 (C—H bending), 1265 and 1245 cm−1
(C—O stretching), 1100–1000 cm−1 (C—O stretching in C—O—H
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Fig. 3 – DSC curves and FTIR spectra of γ-IMC (a), α-IMC (b), amorphous IMC (c), and Povacoat (d).
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groups and COC groups) and 842 cm−1 (C—H rocking mode)
[26,48,49].
3.2. Grinding effect on the Povacoat/IMC physical mixture
Fig. 4a shows the DSC curve and FTIR spectrum of the ground
mixture of Povacoat and γ-IMC with a 4:1 (w/w) weight ratio
after co-grinding both components in a mortar with pestle for
10 min. It clearly indicates that the DSC curve exhibited two
broad endothermic peaks at 76 and 195 °C, and a sharp en-
dothermic peak at 160 °C, respectively. The first endothermic
peak at 76 °C corresponded to the glass transition tempera-
ture of Povacoat [21] and the latter peak at 195 °C was due to
the cyclic anhydride formation via intramolecular ester con-
densation in the Povacoat structure by DSC heating process
[26], whereas the sharp endothermic peak at 160 °C was at-
tributed to the fusion of γ-IMC.The FTIR spectrum of this ground
mixture seemed to be superimposed by the FTIR spectra of
Povacoat (1727, 1436, 1373 and 1243 cm−1) and γ-IMC (1691, 1479,
1453, 1308, 1087, 1068 and 841 cm−1).This suggests that the neat
grinding process did not induce any interaction between
Povacoat and γ-IMC or failed to cause a polymorphic change
of γ-IMC after co-grinding with Povacoat.
3.3. Effect of solvent types on the polymorphic changes of
IMC in various Povacoat/IMC evaporates via two drying
methods
The DSC curves and FTIR spectra of IMC-free Povacoat evapo-
rates prepared by different solvents via air-drying or microwave-
drying process exhibited similar plots to that of the rawmaterial
of Povacoat (data not shown), indicating that the types of solvent
and drying method did not influence the solid-state property
of Povacoat.
Due to the solubility problems of Povacoat (only soluble in
water or <30% ethanol aqueous solution) and γ-IMC (only soluble
in organic solvents), different solvents and/or different prepa-
ration methods seem to significantly influence the solid-
state characteristics of IMC formed in various Povacoat/IMC
evaporates [47,50,51]. Fig. 4 displays various DSC curves and
FTIR spectra of the Povacoat/IMC evaporates prepared by dis-
solving and/or dispersing both components in different solvents
and then co-evaporation via air-drying or microwave-drying
method.
When ethanol alone was used as a solvent, the DSC curve
of the Povacoat/IMC evaporates prepared by microwave-
dryingmethod revealed two broad endothermic peaks at 93 °C
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Fig. 4 – DSC curve and FTIR spectra of the Povacoat/γ-IMC ground mixture (a) and different Povacoat/IMC evaporates (b~g).
Key: solvent: b, ethanol via microwave drying; c, water via microwave drying; d-e, water:ethanol (1:9, v/v) via air-drying and
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380 a s i an j o u rna l o f p h a rma c eu t i c a l s c i e n c e s 1 1 ( 2 0 1 6 ) 3 7 6 – 3 8 4
(glass transition temperature of Povacoat) and 196 °C (cyclic an-
hydride formation of Povacoat) (Fig. 4A-b). On the other hand,
two FTIR spectral peaks at 1479, 1375 and 1092 cm−1 appeared
in the FTIR spectra of this sample, indicating that α-IMC and/
or amorphous IMCmight be dispersed in the polymericmatrix
of Povacoat (Fig. 4B-b). However, when water was used as the
only solvent, the DSC curve of the Povacoat/IMC evaporates pre-
pared by microwave-drying method illustrated an interested
DSC curve, including two broad endothermic peaks at 75 and
194 °C and two very small endothermic peaks at 152 and 160 °C
(Fig. 4A-c). The former two broad endothermic peaks were at-
tributed to the glass transition temperature and cyclic anhydride
formation of Povacoat,whereas the latter two small endother-
mic peaks corresponded to the fusion of α-IMC and γ-IMC.The
appearance of FTIR peaks at 1477, 1373 and 1323 cm−1 as-
signed to α-IMC and at 1088 and 841 cm−1 that corresponded
to γ-IMC was also found in the FTIR spectrum of this sample
(Fig. 4B-c).Although Povacoat could dissolve inwater but γ-IMC
did not, the thermal effect of microwave irradiationmight ini-
tially cause the dissolution of a partial γ-IMC in the water and
then transited to α-IMC after drying. The DSC curve and FTIR
spectra of this sample confirmed the co-existence of α-IMC and
γ-IMC dispersed in the polymericmatrix of Povacoat (Figs. 4A-c
and 3B-c).
When thewater:ethanol (1:9, v/v) was used as a solvent, the
DSC curve of Povacoat/IMC evaporates prepared by air-drying
process is displayed in Fig. 4A-d. It clearly indicates that except
84 and 195 °C due to glass transition temperature and cyclic
anhydride formation of Povacoat, a marked endothermic peak
at 151 °C attributed to the fusion of α-IMC was observed. The
FTIR spectrum as shown in Fig. 4B-d seemed to be superim-
posed by the FTIR spectra of Povacoat (1729 and 1436 cm−1) and
α-IMC (1692, 1650, 1608, 1477, 1455, 1091, 1018 and 931 cm−1).
Since thewater:ethanol (1:9, v/v) was used, the γ-IMCwas com-
pletelydissolvedanda largeproportionof γ-IMCwas transformed
to α-IMC by slow evaporation under a hood at ambient tem-
perature (air-drying), leading to the obvious peaks of α-IMC
appeared inDSCcurveandFTIR spectra.Theeffect ofmicrowave-
drying process on theDSC curve and FTIR spectrumof Povacoat/
IMC evaporates was markedly shown in Fig. 4e, when the
water:ethanol (1:9, v/v) was used as a solvent. Only two small
broad endothermic peaks at 82 and 198 °C were found in the
DSC curve, due to the glass transition temperature and cyclic
anhydride formation of Povacoat. However, several character-
istic FTIR peaks at 1685, 1592, 1477, 1358, 1090 and 1068 cm−1
that corresponded to amorphous IMC were clearly observed
in the FTIR spectrum of this Povacoat/IMC evaporates, as com-
pared with the FTIR spectrum of amorphous IMC (Fig. 3B-c).
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Fig. 5 – DSC curves and FTIR spectra of different Povacoat/IMC evaporates with various weight ratios of Povacoat and γ-IMC
after dissolving or dispersing in water:ethanol (1:9, v/v) and solvent evaporation via air-drying method.
Key: weight ratio (w/w) of Povacoat:γ-IMC: a, 4:1; b, 4:2, c, 4:4, d, 4:6; e, 4:8; f, 4:10.
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Here, the physical mixture of Povacoat and IMC was com-
pletely dissolved in water:ethanol (1:9, v/v) through
ultrasonication for 3 min. In the process of solvent evapora-
tion via microwave-drying, the thermal effect of microwave
irradiation might induce the formation of amorphous IMC in
the presence of Povacoat. The same results were also ob-
served in the DSC curves and FTIR spectra of the Povacoat/
IMC evaporates prepared by dissolving both components
in the water:ethanol (2:8, v/v) solvent and then evaporation
via air-drying ormicrowave-dryingmethod, as shown in Fig. 4f
and g.
It should be noted that in the absence of Povacoat the un-
certain polymorphic forms of IMC (α, γ, amorphous or its
mixture) could be obtained after previously dissolving IMC in
the water:ethanol mixed solution and then microwave-
drying (data not shown). The solubility of IMC in the
water:ethanol mixed solution and the evaporation speed
induced by thermal effect of microwave-drying might be re-
sponsible for different polymorphic formation of IMC. Once
Povacoat was incorporated into the water:ethanol mixed so-
lution and then microwave-drying, only the amorphous IMC
was formed.This implies that Povacoat might improve and con-
tribute to the amorphous formation of IMC in this system via
microwave-drying process.
3.4. Effect of Povacoat: IMC weight ratios on the
polymorphic changes of IMC in the various Povacoat/IMC
evaporates via two drying methods
Fig. 5displays the DSC curves and FTIR spectra of different
Povacoat/IMC evaporates with various weight ratios of Povacoat
and γ-IMC after dissolving or dispersing in water:ethanol (1:9,
v/v) and solvent evaporation via air-drying method.
Three endothermic peaks at 84, 151 and 195 °C were ob-
served in the DSC curve of the Povacoat/IMC evaporate prepared
by mixing Povacoat and γ-IMC in weight ratio of 4:1 (w/w), both
endothermic peaks at 84 and 195 °C were attributed to the glass
transition temperature and cyclic anhydride formation of
Povacoat [21,26], but an endothermic peak at 151 °C corre-
sponded to the α-IMC. On the other hand, the FTIR spectrum
of this Povacoat/IMC evaporate with a 4:1 (w/w) weight ratio
was superimposed by the IR spectra of Povacoat and α-IMC.
It is evident that the endothermic peak at 151 °C due to the
α-IMC became sharper and shifted to higher temperatures with
the increase of the amount of γ-IMC added. The FTIR spectra
of these Povacoat/IMC evaporates clearly indicate that the IR
peaks at 1731 (1734), 1692 (1691 ~ 1693) and 1649 cm−1 as-
signed to α-IMC became more predominate, suggesting that
the α-IMC played an important role in this system after
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Fig. 6 – DSC curves and FTIR spectra of different Povacoat/IMC evaporates with various weight ratios of Povacoat and γ-IMC
after dissolving or dispersing in water:ethanol (1:9, v/v) and solvent evaporation via microwave-drying method.
Key: weight ratio (w/w) of Povacoat:γ-IMC: a, 4:1; b, 4:2, c, 4:4, d, 4:6; e, 4:8; f, 4:10.
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preparation with air-drying method at ambient temperature.
Particularly, the γ-IMC completely dissolved in the water:ethanol
(1:9, v/v) solvent might result in a large amount of α-IMC for-
mation after slow evaporation via air-drying method.
However, the Povacoat/IMC evaporates prepared by
microwave-drying method exhibited different thermal behav-
iors and FTIR spectral patterns, as shown in Fig. 6. When the
weight ratios of Povacoat:γ-IMC were 4:1 and 4:2 (w/w), similar
DSC curves and FTIR spectra for both Povacoat/IMC evapo-
rates were obtained. The broad endothermic peaks at 82 and
198 °C in the DSC curve might be attributed to the glass tran-
sition temperature and cyclic anhydride formation of Povacoat
[21,26], respectively. In addition, several unique FTIR peaks at
1685, 1608 (1606), 1592 (1593), 1477 (1479), 1358 (1360), 1089 (1090)
and 1068 (1066) cm−1 that corresponded to amorphous IMCwere
observed (Fig. 6a and b) because the Povacoat/IMC physical
mixture was completely dissolved in water:ethanol (1:9, v/v)
by ultrasonication for 3 minutes. In the microwave-drying
process, the thermal energy of microwave irradiation might
induce the formation of amorphous IMC in the presence of
Povacoat. The amorphous IMC formed might be embedded in
the polymeric matrix of Povacoat, leading to the disappear-
ance of both exothermic and endothermic peaks of amorphous
IMC in the DSC curves, as compared with the DSC curve of
amorphous IMC (Fig. 3A-c. By increasing the amount of γ-IMC,
the thermal effect of microwave irradiation was able to induce
more amounts of amorphous IMC formation in the presence
of Povacoat, resulting in the appearance of the exothermic peak
at 125 (124 and 122) °C and two endothermic peaks at 153 (154)
and 159 (160) °C (Fig. 6c~e), as compared with the DSC curve
of amorphous IMC (Fig. 3c). Once the amount of γ-IMC was over
added, however, only the α-IMC was formed in the Povacoat/
IMC evaporates (Fig. 6f). This clearly implies that the weight
ratios of Povacoat/IMC and drying methods could markedly in-
fluence the solid-state polymorphic transformation of IMC
polymorphs in the presence of Povacoat.
4. Conclusion
In the present study, the types of solvent, weight ratios of
Povacoat and γ-IMC, and drying methods might induce differ-
ent polymorphic changes of IMC in the Povacoat/IMC
evaporates. The thermal effect of microwave-drying method
might induce the amorphous IMC formation in the presence
of Povacoat.
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